A simple method is proposed to detect fake QTL provoked by spurious linkage with a true QTL. The method is based on the calculation of the expected value of the teststatistic (F-test and LOD score are considered) at the putatively fake QTL position.
Method
For simplicity, let's consider the case of two QTL peaks found on a linkage group for the same trait. Suppose an F-test statistic has been obtained from the regression of phenotypes onto genotypes in a segregating population, and then plotted along a chromosome at every marker position. Suppose also that the plot shows a main peak that reveals the presence of a QTL, but also seems to reveal a second, lower QTL peak, at some distance from the main peak. One needs to decide if the secondary QTL peak is actually due to a real QTL effect, or if it is simply the result of linkage with the main QTL. Normally, if there was only one real QTL on a chromosome, one would expect to observe a propagation effect from the main QTL: the F-test value should decrease continuously with the genetic distance (i.e., the recombination fraction) from the true QTL position. Moreover, no other QTL local peak should show up, apart from small stochastic variations due, for example, to missing or erroneous data at some marker positions. But this is only true under the assumption that the recombination odds are following their expected values.
Sometimes, abnormally tight linkage between markers located in distant chromosomal regions can be observed. This can be due to different causes -for example, epistatic interaction of sterility genes. One can consider this situation as a special case of inadequacy between the data structure and the data model used in the QTL analysis, where the data model says that the pairwise recombination fraction between any pair of markers, and the sum of adjacent recombination fractions (SARF) of all the intervals that separate the two markers are equivalent, while in the real data they are not. In such cases, one could question if the secondary QTL peak is primarily explained by its spurious linkage with the main QTL peak-region. This hypothesis could be tested by a careful inspection of the expected value of the F-test at a given marker position, ( $ ).
A way to calculate ( $ ) is as follows. Consider a QTL and a marker linked to . Let ( be the observed value for the F-test at the position, and ( * be the fraction of the trait variation explained by . Let also be the recombination fraction between and , be the population size and be the number of genotypic classes observed in the marker. Then, we know that the expected value of * at any marker is
Since we know from linear regression theory that show a regular decrease from the QTL peak and an obvious departure from N ( $ ).
This departure could be tested by calculating the probability log-ratio
The expected LOD score at QTL position , ( $ ), can be derived using a similar approach. We can use the generalized * expression, proposed by Nagelkerke (1991) where ( is the LOD score statistic at QTL position .
Then we can calculate ( $ ) for ̂N and ̂3 just as we did for N ( $ ) and 3 ( $ ), and compare the curves to the observed LOD score in order to conclude on the presence of a fake QTL. Note, (A.12) is valid for any population type. Figure 1 illustrates an application of the method to a QTL study of resistance to the parasitic plant Striga hermonthica in rice.
Figure 1.
Observed and expected LOD score, for resistance to Striga hermonthica along a rice chromosome, in a RIL population. A secondary peak is observed at ~10 cM. Observe the resemblance of shape between the observed LOD score and its expected value N ( $ ) calculated using pairwise recombination fractions between the QTL peak and every marker position. Also observe the difference between N ( $ ) and 3 ( $ ) at ~10 cM. We thus declare the secondary peak as a fake QTL.
Conclusion
The proposed method allows detecting a fake QTL induced by spurious linkage with a true QTL. It can be used as a complement to other methods like CIM, ICIM or MIM as an additional test for QTL presence. We haven't considered the case of a fake QTL provoked by spurious linkage with a true QTL located on a different chromosome, however we don't see a reason why the method couldn't be applicable to this case. 
